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(54) VARIABLE VALVE TIMING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To apply the 
structure for supplying the hydraulic fluid to 
second spark-advance hydraulic chambers or 
second spark-lag hydraulic chambers through 
first spark-advance hydraulic chambers or first 
spark-lag hydraulic chambers for a device 
provided with multiple number of vanes. 
SOLUTION: The first spark-advance hydraulic 
chamber formed at two positions among 
spark advance hydraulic chambers formed at 
four positions in one side in the circumferential 
direction of a vane 3B is directly communicated 
with a first oil passage provided in a rotor 3, and 
the residual two spark- advance hydraulic 
chambers are communicated with the first spark-advance hydraulic chamber through a 
communication port of a plate 19 and a communication groove 22 provided in a sprocket 
17. The first spark-lag hydraulic chambers formed at two positions among spark-lag 
hydraulic chambers formed at four positions in the other side in the circumferential 
direction of the vane 3B is directly communicated with a second oil passage provided in 
the rotor 3, and the residual two second spark-lag hydraulic chambers are 
communicated with the second spark-lag hydraulic chamber through the 
communication port of the plate 19 and a spring chamber 18 provided in the sprocket 
17. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Rota where it has the shank fixed to an internal combustion engine's cam 
shaft, and two or more vanes protruded on the perimeter of this shank, It is supported 
by this Rota and same axle pivotable, hold said vane, and said vane forms two or more 
vane actuation rooms which can be relatively rotated in the predetermined 
include-angle range. It has the whole housing which turning effort is transmitted and 
rotates from said internal combustion engine's driving shaft. The space formed in the 
hoop direction one side of said vane in said vane actuation interior of a room A 
tooth-lead-angle oil pressure room, And the space formed in the hoop direction other 
side of said vane is constituted as a lag oil pressure room. It is adjustable valve timing 
equipment which carries out adjustable [ of the rotation phase of said Rota to said 
whole housing ] with the oil pressure by which feeding and discarding are carried out 
to both the oil pressure room. It has the free passage oilway which opens for free 
passage said 1 st tooth-lead-angle oil pressure room formed in said different vane 
actuation interior of a room, said 2nd tooth-lead-angle oil pressure room or said 1st 
lag oil pressure room, and said 2nd lag oil pressure room. In said 2nd tooth-lead-angle 
oil pressure room or the 2nd lag oil pressure room It is adjustable valve timing 
equipment with which hydraulic oil is supplied through said free passage oilway via 
said 1st tooth-lead-angle oil pressure room or the 1st lag oil pressure room, and said 
free passage oilway is characterized by preparing at least the part in said whole 
housing. 

[Claim 2] It is adjustable valve timing equipment characterized by carrying out opening 
to the thrust side of said whole housing in which said free passage oilway forms the 
shaft-orientations end side or other end side of said vane actuation room in the 
adjustable valve timing equipment indicated to claim 1. 
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[Claim 3] It is adjustable valve timing equipment characterized by carrying out opening 
of said free passage oilway near the outermost diameter of said 2nd tooth-lead-angle 
oil pressure room or said 2nd lag oil pressure room in the adjustable valve timing 
equipment indicated to claim 2. 

[Claim 4] It is adjustable valve timing equipment characterized by for said free 
passage oilway bypassing the shank of said Rota in which adjustable valve timing 
equipment indicated to claims 1-3, and being prepared in said whole housing. 
[Claim 5] It is adjustable valve timing equipment characterized by having provided the 
coil spring which energizes said Rota in the direction of a tooth lead angle to said 
whole housing in which adjustable valve timing equipment indicated to claims 1-4, and 
for said whole housing having had the annular spring room which contains said coil 
spring around said cam shaft or the shank of said Rota, and using this spring room as 
said free passage oilway. 

[Claim 6] In which adjustable valve timing equipment indicated to claims 1-4 said 
whole housing The sprocket connected with said internal combustion engine's driving 
shaft, and housing which is fixed to this sprocket and forms a sliding surface with said 
vane, and the shaft-orientations end side of said vane actuation room, It intervenes 
between said sprockets and said housing, and the plate which forms the 
shaft-orientations other end side of said vane actuation room is provided. On this 
plate Adjustable valve timing equipment characterized by preparing free passage 
opening which carries out opening as said a part of free passage oilway in said 1st 
tooth-lead-angle oil pressure room, the 2nd tooth-lead-angle oil pressure room or 
said 1st lag oil pressure room, and the 2nd lag oil pressure room. 

[Claim 7] In the adjustable valve timing equipment indicated to claim 6, the coil spring 
which energizes said Rota in the direction of a tooth lead angle to said whole housing 
is provided. Said sprocket The annular spring room which contains said coil spring is 
formed in the surroundings of said cam shaft or the shank of said Rota, and this spring 
room is used as said free passage oilway. On said plate Adjustable valve timing 
equipment characterized by free passage opening which opens said spring room, said 
1st tooth-lead-angle oil pressure room and the 2nd tooth-lead-angle oil pressure 
room or said spring room, said 1st lag oil pressure room, and the 2nd lag oil pressure 
room for free passage carrying out opening. 

[Claim 8] which adjustable valve timing equipment indicated to claims 1-7 — setting 
— said Rota — the number of sheets of said vane — four or more sheets — and it is 
set as even number — having — said 1st tooth-lead-angle oil pressure room, the 2nd 
tooth-lead-angle oil pressure room or said 1st lag oil pressure room, and the 2nd lag 
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oil pressure room — respectively — same number ************** — the adjustable 
valve timing equipment characterized by things. 

[Claim 9] It is adjustable valve timing equipment characterized by arranging said 1st 
tooth-lead-angle oil pressure room, the 2nd tooth-lead-angle oil pressure room or 
said 1st lag oil pressure room, and the 2nd lag oil pressure room at axial symmetry in 
the adjustable valve timing equipment indicated to claim 8. 

[Claim 10] In which adjustable valve timing equipment indicated to claims 1-9 It is 
included in what [ of said whole Rota and said whole housing ] one, or one side 
movable. It has the stopper pin which restrains relative rotation with said whole Rota 
and said whole housing by fitting into the stopper hole prepared in another side. If 
hydraulic oil is supplied to the sump slot which was open for free passage with said 
stopper hole, and was prepared and oil pressure joins said stopper pin It has the 
stopper device in which said stopper pin is extruded from said stopper hole, and 
rotation regulation with said Rota by said stopper pin and said whole housing is 
canceled. Adjustable valve timing equipment characterized by securing oil pressure 
required in order to supply hydraulic oil to said sump slot and to extrude said stopper 
pin from said stopper hole before said 2nd tooth-lead-angle oil pressure room or the 
2nd lag oil pressure room is filled up with hydraulic oil at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the adjustable valve timing equipment 
which carries out adjustable [ of the closing motion stage of an internal combustion 
engine's inlet valve or an exhaust valve ]. 
[0002] 

[Description of the Prior Art] Before, vane type valve timing equipment is well-known. 
This equipment forms a tooth-lead-angle oil pressure room and a lag oil pressure 
room in the both sides of a vane, and is controlling the angle-of-rotation location of a 
vane by oil pressure balance of both the oil pressure room. However, with this 
equipment, if liquid seal of the oilway which is open for free passage in an oil pressure 
room and an oil pressure room is not carried out completely, torque fluctuation of a 
cam shaft will raise the pressure of an oil pressure room through a vane, and will 
cause the external leakage of hydraulic oil with include-angle fluctuation of a vane. 
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Moreover, when hydraulic oil leaks, fluctuation of a vane becomes easy further and 
control stability will be spoiled. Then, there is a "vane type rotation phase 
adjustment" indicated by for example, the international public presentation number 
WO 95/No. 31633 official report as a technique for securing control stability. This 
equipment is structure which carries out the feeding and discarding of the hydraulic oil 
to the tooth-lead-angle oil pressure room or lag oil pressure room of another side via 
one tooth-lead-angle oil pressure room or lag oil pressure room. In this case, since it 
is [ hydraulic oil ] leakage-hard and it is made, it is possible to be able to make small 
oil pressure fluctuation of a tooth-lead-angle oil pressure room or a lag oil pressure 
room, and to control fluctuation of a vane. 
[0003] 

[Problem(s) to be Solved by the Invention] However, conventionally which was 
indicated by the above-mentioned official report, the free passage oilway which opens 
one tooth-lead-angle oil pressure room or a lag oil pressure room, the 
tooth-lead-angle oil pressure room of another side, or a lag oil pressure room for free 
passage penetrates the shank of a vane, and equipment is formed. In this case, in 
order to be anxious about the fall of a shank on the strength, it is difficult to make 
[ many ] the number of a free passage oilway. However, since a projected net area is 
increased and control oil pressure can be made low in recent years, equipment with 
much (for example, four sheets) vane number of sheets is common, and it is very 
difficult to apply the structure of equipment to equipment with much vane number of 
sheets conventionally. Accomplishing this invention based on the above-mentioned 
situation, the purpose has the structure which carries out the feeding and discarding 
of the hydraulic oil to the 2nd tooth-lead-angle oil pressure room or the 2nd lag oil 
pressure room via the 1st tooth-lead-angle oil pressure room or the 1st lag oil 
pressure room, and is to offer the adjustable valve timing equipment which can apply 
the free passage oilway which opens oil pressure rooms for free passage also to 
equipment with much vane number of sheets. 
[0004] 

[Means for Solving the Problem] (Means of claim 1) The adjustable valve timing 
equipment of this invention It has the free passage oilway which opens for free 
passage the 1st tooth-lead-angle oil pressure room, the 2nd tooth-lead-angle oil 
pressure room or the 1 st lag oil pressure room formed in the different vane actuation 
interior of a room, and the 2nd lag oil pressure room. Hydraulic oil is supplied to the 
2nd tooth-lead-angle oil pressure room or the 2nd lag oil pressure room through a 
free passage oilway via the 1st tooth-lead-angle oil pressure room or the 1st lag oil 
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pressure room, and, as for the free passage oilway, at least the part is prepared in the 
whole housing. With this structure, the fall of the shank of Rota on the strength can be 
suppressed as compared with the case where all the free passage oilways are 
prepared in the shank of Rota. 

[0005] (Means of claim 2) In the adjustable valve timing equipment indicated to claim 1 , 
opening of the free passage oilway is carried out to the thrust side of the whole 
housing which forms the shaft-orientations end side or other end side of a vane 
actuation room. Thereby, a part of free passage oilway [ at least ] can be prepared in 
the whole housing. 

[0006] (Means of claim 3) In the adjustable valve timing equipment indicated to claim 2, 
opening of the free passage oilway is carried out near the outermost diameter of the 
2nd tooth-lead-angle oil pressure room or the 2nd lag oil pressure room. When an 
internal combustion engine is suspended as compared with the time of carrying out 
opening of the free passage oilway near the innermost diameter of the 2nd 
tooth-lead-angle oil pressure room or the 2nd lag oil pressure room, in this case, in an 
upper part [ center of rotation ] side Since the direction of the free passage oilway 
which carries out opening near an outermost diameter comes to a location higher than 
the free passage oilway which carries out opening near an innermost diameter, the 
amount into which the hydraulic oil of the 2nd tooth-lead-angle oil pressure room or 
the 2nd lag oil pressure room flows through a free passage oilway can be lessened. It 
is possible to be filled up more with the hydraulic oil to a tooth-lead-angle oil pressure 
room or a lag oil pressure room for a short time by this, when an internal combustion 
engine is put into operation. 

[0007] (Means of claim 4) In which adjustable valve timing equipment indicated to 
claims 1-3, a free passage oilway bypasses the shank of Rota and is prepared in the 
whole housing. In this case, since it is not necessary to prepare a free passage oilway 
in the shank of Rota, the fall of the shank of Rota on the strength is avoidable. 
[0008] (Means of claim 5) In which adjustable valve timing equipment indicated to 
claims 1-4, the coil spring which energizes Rota in the direction of a tooth lead angle 
to the whole housing was provided, and the whole housing had the annular spring room 
which contains a coil spring, and uses this spring room for the surroundings of a cam 
shaft or the shank of Rota as a free passage oilway. In this case, since it is not 
necessary to newly prepare a free passage oilway, the cost for preparing a free 
passage oilway can be held down low. Moreover, since a certain spring room is already 
used as a free passage oilway, the structural change by preparing a free passage 
oilway can be made small. 
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[0009] In which adjustable valve timing equipment indicated to claims 1-4 (Means of 
claim 6) The whole housing The sprocket connected with an internal combustion 
engine's driving shaft, and housing which is fixed to this sprocket and forms a sliding 
surface with a vane, and the shaft-orientations end side of a vane actuation room, It 
intervenes between a sprocket and housing and the plate which forms the 
shaft-orientations other end side of a vane actuation room is provided. On this plate 
As a part of free passage oilway, free passage opening which carries out opening is 
prepared in the 1 st tooth-lead-angle oil pressure room, the 2nd tooth-lead-angle oil 
pressure room or the 1 st lag oil pressure room, and the 2nd lag oil pressure room. 
According to this configuration, a part of free passage oilway can be prepared in the 
outside of a plate at least to a vane actuation room. 

[0010] In the adjustable valve timing equipment indicated to claim 6, the coil spring 
which energizes Rota in the direction of a tooth lead angle to the whole housing is 
provided. (Means of claim 7) A sprocket The annular spring room which contains a coil 
spring is formed in the surroundings of a cam shaft or the shank of Rota, and this 
spring room is used as a free passage oilway. On a plate Free passage opening which 
opens a spring room, the 1st tooth-lead-angle oil pressure room and the 2nd 
tooth-lead-angle oil pressure room or a spring room, the 1st lag oil pressure room, and 
the 2nd lag oil pressure room for free passage is carrying out opening. In this case, 
since it is not necessary to newly prepare a free passage oilway, the cost for 
preparing a free passage oilway can be held down low. Moreover, since a certain spring 
room is already used as a free passage oilway, the structural change by preparing a 
free passage oilway can be made small. Furthermore, since the spring room is formed 
in the outside of a plate to the vane actuation room, most free passage oilways can be 
prepared in the outside of a plate. 

[001 1] (Means of claim 8) which adjustable valve timing equipment indicated to claims 
1-7 — setting — Rota — the number of sheets of a vane — four or more sheets — 
and it is set as even number — having — the 1st tooth-lead-angle oil pressure room, 
the 2nd tooth-lead-angle oil pressure room or the 1st lag oil pressure room, and the 
2nd lag oil pressure room — respectively — same number **************. If the 
number of sheets of a vane is made into the even number of four or more sheets, as 
for a tooth-lead-angle oil pressure room and a lag oil pressure room, only vane 
number of sheets and the same number will be prepared, respectively. In this case, it 
is possible to control fluctuation of a vane effectively, without expanding sharply the 
time amount filled up with hydraulic oil to each oil pressure room by making into the 
same number the 1 st tooth-lead-angle oil pressure room, the 2nd tooth-lead-angle oil 
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pressure room or the 1st lag oil pressure room opened for free passage by the free 
passage oilway, and the 2nd lag oil pressure room, respectively. 

[0012] (Means of claim 9) In the adjustable valve timing equipment indicated to claim 8, 
the 1st tooth-lead-angle oil pressure room, the 2nd tooth-lead-angle oil pressure 
room or the 1 st lag oil pressure room, and the 2nd lag oil pressure room are arranged 
at axial symmetry. Thereby, the good adjustable valve timing equipment of balance is 
realizable. 

[0013] In which adjustable valve timing equipment indicated to claims 1-9 (Means of 
claim 10) It is included in what [ of Rota and the whole housing ] one, or one side 
movable, and has the stopper pin which restrains relative rotation with Rota and the 
whole housing by fitting into the stopper hole prepared in another side. If hydraulic oil 
is supplied to the sump slot which was open for free passage with the stopper hole, 
and was prepared and oil pressure joins a stopper pin It has the stopper device in 
which a stopper pin is extruded from a stopper hole and rotation regulation with whole 
Rota and whole housing by the stopper pin is canceled. Oil pressure required in order 
to supply hydraulic oil to a sump slot and to extrude a stopper pin from a stopper hole, 
before the 2nd tooth-lead-angle oil pressure room or the 2nd lag oil pressure room is 
filled up with hydraulic oil at least is secured. According to this configuration, before 
the 2nd tooth-lead-angle oil pressure room or the 2nd lag oil pressure room is filled up 
with hydraulic oil at least, a stopper pin can be extruded from a stopper hole. In this 
case, since a stopper pin can be sampled quickly and smoothly from a stopper hole, 
warm-up time can be shortened and improvement in responsibility can be aimed at. 
[0014] 

[Embodiment of the Invention] Next, the operation gestalt of this invention is 
explained based on a drawing. Drawing 1 is the sectional view (A-A sectional view of 
drawing 2 ) of adjustable valve timing equipment 1. It is fixed to the cam shaft 2 for 
carrying out the closing-motion drive of the engine inlet valve or the engine (internal 
combustion engine) exhaust valve which is not illustrated, and the adjustable 
valve-timing equipment 1 of this example is equipped with a cam shaft 2, Rota 3 
rotated to one, and the whole (it lower-**) housing which an engine turning effort is 
transmitted and rotates, controls the rotation phase of Rota 3 to the whole housing by 
oil pressure, and carries out adjustable [ of the closing-motion stage (valve timing) of 
an inlet valve or an exhaust valve ]. 

[0015] (Configuration of Rota 3) Rota 3 consists of shank 3A which has through tube 
3a in the center section, and vane of two or more sheets (this example four sheets) 
3B (refer to drawing 2 ) which protruded on the perimeter of this shank 3A. This Rota 
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3 compares the end side (right-hand side end face of drawing 1 ) of shank 3A to the 
apical surface of a cam shaft 2. By the pin 4 which engages with both, the hoop 
direction location to a cam shaft 2 is determined, and from the other end side of shank 
3A, a bolt 6 is inserted in through tube 3a of shank 3A through a bush 5, the bolt 6 is 
combined with screw hole 2a formed in the cam shaft 2, and it is fixed to a cam shaft 
2. 

[0016] a) The 1st oilway 7 and 2nd oilway 8 are prepared in shank 3A. It is a path 
leading to the 1 st tooth-lead-angle oil pressure room mentioned later, and as shown 
in drawing 5 , an end carries out opening of the 1st oilway 7 to the peripheral face of 
shank 3A, the other end carries out opening to the inner skin of shank 3A, and it is 
opening shank 3A for free passage with the oilway 9 which was penetrated and 
prepared in radial and was prepared in the bolt 6, and the oilway 10 prepared in the 
cam shaft 2. The 2nd oilway 8 is a path leading to the 1st lag oil pressure room 
mentioned later, and as shown in drawing 6 , an end carries out opening of it to the 
peripheral face of shank 3A, and the other end carries out opening to the end side of 
shank 3A, and it is open for free passage to the oilway 1 1 prepared in the cam shaft 2. 
Every two of of this the 1st oilway 7 and 2nd oilway 8 are prepared respectively, and 
they are prepared in the position of symmetry of the direction of a path to the center 
of rotation of shank 3A (refer to drawing 2 ). 

[0017] b) Vane of four sheets 3B is prepared in the perimeter of shank 3A at 
abbreviation regular intervals, as shown in drawing 2 . However, as for vane 3B of the 
lot which counters in the direction of a path, the width of face of a hoop direction is 
greatly prepared from vane 3B of other lots. That hoop direction width of face is large, 
the cylinder hole 13 with which the sleeve 12 of a cylindrical shape is pressed fit in 
vane 3B, while the stoma 1 4 which is open for free passage to this cylinder hole 1 3 are 
formed, and press fit immobilization of the engagement pin 16 which engages with the 
other end of the return spring 1 5 (refer to drawing 1 and drawing 3 ) mentioned later is 
carried out at vane 3B of another side. Opening of the cylinder hole 13 is carried out 
to the end side of vane 3B, and it has the base in the other end side. The stoma 14 is 
penetrated and formed from the base of the cylinder hole 13 to the other end side of 
vane 3B. As shown in drawing 1 , the engagement pin 16 is projected from the end side 
of vane 3B, and is installed to the spring room 18 established in the below-mentioned 
sprocket 1 7. 

[0018] (Configuration of the whole housing) The whole housing consists of housing 21 
grades fixed to a sprocket 17 with a bolt 20 through the sprocket 17 which turning 
effort is delivered through a chain (not shown) from an engine crankshaft (a driving 
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shaft/illustration of is not done), the plate 19 which adjoins the other end side side 
(left end side side of drawing 1 ) of this sprocket 1 7, and this plate 1 9. 
a) as shown in drawing 3 , a sprocket 1 7 has cylinder boss section 1 7a in the center 
section, is the torus in which tooth part 17b for hanging a chain on a periphery was 
formed, inserts cylinder boss section 17a in the periphery of a cam shaft 2, and 
supports it to a cam shaft 2 — having — a cam shaft 2 and relativity — it is prepared 
pivotable. The sump slot 24 grade which is open for free passage in the annular spring 
room 18, the radiHike free passage slot 22, four screw holes 23 that insert in a bolt 20, 
and the spring room 18 is prepared in this sprocket 17. 

[0019] The spring room 18 is the space for containing a return spring 15, as shown in 
drawing 3 , expansion room 18a which an outer diameter expands is prepared in the 
shape of radii in a part of hoop direction, and engagement slot 1 8b which supports the 
end section of a return spring 15 is prepared in the base of the expansion room 18a. A 
return spring 15 generates torque in a sprocket 17 and vane 3B between the 
engagement pins 16 by which press fit immobilization was carried out, and is 
energizing Rota 3 to a sprocket 1 7 in the direction of a tooth lead angle (the direction 
of a RRC of drawing 2 X space for the free passage slot 22 to open for free passage 
free passage opening (for it to mention later) of plurality (this example four pieces) 
formed in a plate 19 — it is — the periphery approach (inside of tooth part 17b) of a 
sprocket 17 — about [ of the perimeter ] — it is prepared in the shape of radii over 
three fourths. 

[0020] The sump slot 24 is formed in order to apply oil pressure to the stopper pin 25 
of lower **, as shown in drawing 3 , it is located in expansion room 18a of the spring 
room 18, and the abbreviation opposite side to the center of rotation, is open for free 
passage in the spring room 18, and is prepared in the shape of a rectangle. Moreover, 
the ring-like bush 26 is being fixed to the end side of a sprocket 17 in which the sump 
slot 24 was established by press fit. In addition, opening of the spring room 18, the 
above-mentioned free passage slot 22, and the above-mentioned sump slot 24 was 
carried out to the other end side side (left end side side of drawing 1 ) of a sprocket 1 7, 
respectively, and the end side side has closed them. A bush 26 forms the stopper hole 
of this invention, and in the maximum tooth-lead-angle location (location shown in 
drawing 2 ) of Rota 3 to a sprocket 17, a location the cylinder hole 13 and hoop 
direction which were established in the above-mentioned vane 3B, and radial is in 
agreement, and is prepared. 

[0021] A stopper pin 25 is attached to the interior of the sleeve 12 pressed fit in the 
cylinder hole 13 of vane 3B with a spring 27, and is energized with the spring 27 to the 
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sprocket 17 side (right of drawing 1 ). This stopper pin 25 can restrain the rotation of 
Rota 3 to a sprocket 1 7 by fitting into the interior of the bush 26 pressed fit in the 
sprocket 17, when Rota 3 is located in the maximum tooth-lead-angle location. A 
rotation of Rota 3 is attained by supplying hydraulic oil to the sump slot 24, and 
extruding a stopper pin 25 from a bush 26, if the oil pressure concerning the apical 
surface of a stopper pin 25 overcomes the energization force of a spring 27 where a 
rotation of this Rota 3 is restrained. 

[0022] b) A plate 19 is a tabular torus and is prepared in the magnitude with which the 
outer diameter can plug up the free passage slot 22 of a sprocket 1 7. This plate 1 9 
was arranged between a sprocket 1 7 and Rota 3, and has covered the other end side 
of a sprocket 17. Fitting hole 19a which fits into a cam shaft 2 as shown in a plate 19 
at drawing 4 , Four round hole 1 9b which inserts in a bolt 20, round hole 1 9c which fits 
in the bush 26 pressed fit in a sprocket 17, Four free passage openings 28 which are 
open for free passage into 19d of radii-like relief grooves which permit migration of 
the engagement pin 16 mentioned above, and the free passage slot 22 of a sprocket 
1 7, and four free passage openings 29 which are open for free passage in the spring 
room 1 8 of a sprocket 1 7 are formed. 

[0023] c) As shown in drawing 2 , four flabellate form vane actuation rooms were 
formed in the interior, and housing 21 held vane 3B in each vane actuation room, 
respectively, and has covered the outside in Rota 3. The end side of shaft orientations 
is blockaded with a plate 19, and an other end side is blockaded by thrust wall surface 
21a (refer to drawing 1 ) of housing 21, and a vane actuation room is divided by four 
protrusion sections 21c which projects in the direction of a core inside cylinder outer 
wall section 21b of housing 21 in a hoop direction, and is formed in the magnitude 
which vane 3B held in the interior can rotate relatively in the predetermined 
include-angle range, this vane actuation room constitutes the space formed in the 
tooth-lead-angle oil pressure room 30 and hoop direction other side of vane 3B in the 
space formed in the hoop direction one side of vane 3B from that interior as a lag oil 
pressure room 31 — having — both the oil pressure room — the chip seals 32 and 33 
— liquid — it is kept dense. 

[0024] Here, four tooth-lead-angle oil pressure rooms 30 are mutually open for free 
passage through four free passage openings 28 prepared in the plate 19, and the free 
passage slot 22 established in the sprocket 17. That is, as shown in drawing 2 , 
opening of the four free passage openings 28 is carried out to four tooth-lead-angle 
oil pressure rooms 30 where each differs. Among four places, however, two 
tooth-lead-angle oil pressure rooms 30 (henceforth referred to as 1st 
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tooth-lead-angle oil pressure room 30a) It is directly open for free passage with the 
1st oilway 7 prepared in Rota 3, respectively, and two next tooth-lead-angle oil 
pressure rooms 30 (henceforth referred to as 2nd tooth-lead-angle oil pressure room 
30b) are open for free passage with the 1st oilway 7 of Rota 3 through the free 
passage slot 22 established in the sprocket 1 7, and 1 st tooth-lead-angle oil pressure 
room 30a. 

[0025] Moreover, four lag oil pressure rooms 31 are mutually open for free passage 
through four free passage openings 29 prepared in the plate 19, and the spring room 
18 established in the sprocket 17. That is, as shown in drawing 2 , opening of the four 
free passage openings 29 is carried out to four lag oil pressure rooms 31 where each 
differs. Among four places, however, two lag oil pressure rooms 31 (henceforth 
referred to as 1st lag oil pressure room 31a) It is directly open for free passage with 
the 2nd oilway 8 prepared in Rota 3, respectively, and two next lag oil pressure rooms 
31 (henceforth referred to as 2nd lag oil pressure room 31b) are open for free passage 
with the 2nd oilway 8 of Rota 3 through the spring room 18 established in the sprocket 
17, and 1st lag oil pressure room 31a. 

[0026] Next the description of the adjustable valve timing equipment 1 shown in this 
example is explained. For example, while an engine stops and hydraulic oil is flowing 
out of the tooth-lead-angle oil pressure room 30 and the lag oil pressure room 31, 
Rota 3 has returned to the initial valve position (the maximum tooth-lead-angle 
location) shown in drawing 2 according to the energization force of a return spring 15. 
In this condition, as shown in drawing 1 , the stopper pin 25 was energized by the 
spring 27, it fitted into the bush 26, and what (it riots) Rota 3 moves to a hand of cut 
is prevented. 

[0027] Then, if an ignition switch is turned on, a hydraulic pump (not shown) will 
operate in response to the command from ECU (electronic control) which is not 
illustrated, and hydraulic oil will be supplied to the tooth-lead-angle oil pressure room 
30 via the 1st oilway 7 prepared in oilway 9 -> Rota 3 established in the oilway 10 -> 
bolt 6 prepared in the cam shaft 2 from the engine hydraulic circuit (not shown). At 
this time, hydraulic oil is previously supplied to 1st tooth-lead-angle oil pressure room 
30a which is directly [ the 1st oilway 7 of Rota 3, and ] open for free passage, and 
hydraulic oil is supplied to 2nd tooth-lead-angle oil pressure room 30b after that 
through the free passage opening 28 of a plate 19, and the free passage slot 22 of a 
sprocket 17 from 1st tooth-lead-angle oil pressure room 30a. 

[0028] If the tooth-lead-angle oil pressure room 30 is filled up with hydraulic oil, an oil 
pressure path will be changed and the oilway 1 1 prepared in the cam shaft 2 will be 
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connected to a hydraulic circuit. And hydraulic oil is supplied to the lag oil pressure 
room 31 from a hydraulic circuit via the 2nd oilway 8 prepared in oilway 11 -> Rota 3 
of a cam shaft 2. At this time, hydraulic oil is previously supplied to 1 st lag oil pressure 
room 31a which is directly [ the 2nd oilway 8 of Rota 3, and ] open for free passage, 
and hydraulic oil is supplied to 2nd lag oil pressure room 31b after that through the 
free passage opening 29 of a plate 1 9, and the spring room 1 8 of a sprocket 1 7 from 
1st lag oil pressure room 31a. 

[0029] Moreover, if hydraulic oil is supplied to 1st lag oil pressure room 31a, since it 
will flow into the sump slot 24 where some flowing hydraulic oil opens the spring room 
18 for free passage in the spring room 18, oil pressure acts on the end face of a 
stopper pin 25. If the oil pressure overcomes the energization force of a spring 27, a 
stopper pin 25 will be extruded from a bush 26, and the angular-position control of 
Rota 3 of it will be attained. In addition, when the stopper pin 25 has fitted into a bush 
26 (i.e., when Rota 3 is located in the maximum tooth-lead-angle location), it is open 
for free passage with 21 d (refer to drawing 1 ) of through tubes by which the stoma 1 4 
which carries out opening was formed in the base of the cylinder hole 1 3 at thrust wall 
surface 21a of housing 21 , and it is constituted so that the back pressure of a stopper 
pin 25 may be missed to the exterior. 

[0030] (Effectiveness of this example) 2nd tooth-lead-angle oil pressure room 30b 
opens above-mentioned adjustable valve timing equipment 1 for free passage with 1st 
tooth-lead-angle oil pressure room 30a through the free passage slot 22, and 
hydraulic oil is supplied to 2nd tooth-lead-angle oil pressure room 30b via the 1st 
tooth-lead-angle oil pressure room 30a and the free passage slot 22. Therefore, also 
when hydraulic oil flows out of 2nd tooth-lead-angle oil pressure room 30b, it will not 
flow out of 2nd tooth-lead-angle oil pressure room 30b into the 1st oilway 7 prepared 
in direct Rota 3, and will flow out via the free passage slot 22 and 1st 
tooth-lead-angle oil pressure room 30a. Since the amount of the hydraulic oil which 
leaks and comes out from the tooth-lead-angle oil pressure room 30 can be lessened 
by this even if the internal pressure of the tooth-lead-angle oil pressure room 30 rises 
by fluctuation of vane 3B, it is possible to be able to make small fluctuation of vane 3B 
in the vane actuation interior of a room, consequently to control torque fluctuation of 
a cam shaft 2. 

[0031] Similarly, 2nd lag oil pressure room 31b is open for free passage with 1st lag oil 
pressure room 31a through the spring room 18, and hydraulic oil is supplied via the 1st 
lag oil pressure room 31a and the spring room 18. Therefore, also when hydraulic oil 
flows out of 2nd lag oil pressure room 31b, it will not flow out of 2nd lag oil pressure 
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room 31b into the 2nd oilway 8 prepared in direct Rota 3, and will flow out via the 
spring room 1 8 and 1 st lag oil pressure room 31 a. Since the amount of the hydraulic oil 
which leaks and comes out from the lag oil pressure room 31 can be lessened by this 
even if the internal pressure of the lag oil pressure room 31 rises by fluctuation of 
vane 3B, it is possible to be able to make small fluctuation of vane 3B in the vane 
actuation interior of a room, consequently to control torque fluctuation of a cam shaft 
2. Since this adjustable valve timing equipment 1 has established the spring room 18 
which opens for free passage the free passage slot 22 which opens 1st 
tooth-lead-angle oil pressure room 30a and 2nd tooth-lead-angle oil pressure room 
30b for free passage and 1st lag oil pressure room 31a, and 2nd lag oil pressure room 
31b in the sprocket 17, respectively, As compared with the case where the free 
passage oilway of this invention is prepared in shank 3A of Rota 3, there is no fall of 
Rota shank 3A on the strength, and dependability can be improved. 
[0032] Moreover, although the free passage opening 28 which opens the 
tooth-lead-angle oil pressure room 30 and the free passage slot 22 for free passage, 
and the free passage opening 29 which opens the lag oil pressure room 31 and the 
spring room 18 for free passage are formed in the plate 19 As for especially the free 
passage opening 29 that carries out opening to the free passage opening 28 or 2nd lag 
oil pressure room 31b which carries out opening to 2nd tooth-lead-angle oil pressure 
room 30b, it is desirable among these free passage openings 28 and 29 to prepare near 
the outermost diameter of 2nd tooth-lead-angle oil pressure room 30b or 2nd lag oil 
pressure room 31b. As compared with the time of forming the free passage openings 
28 or 29 near the innermost diameter of 2nd tooth-lead-angle oil pressure room 30b 
or 2nd lag oil pressure room 31b, this When an engine is suspended, in an upper part 
[ center of rotation ] side Since it comes to the location where the free passage 
openings 28 or 29 prepared near the outermost diameter are more expensive than the 
free passage openings 28 or 29 prepared near the innermost diameter, the hydraulic 
oil of 2nd tooth-lead-angle oil pressure room 30b or 2nd lag oil pressure room 31b can 
lessen the amount which flows out from the free passage openings 28 or 29. It is 
possible to be filled up more with the hydraulic oil to the tooth-lead-angle oil pressure 
room 30 or the lag oil pressure room 31 for a short time by this, when an engine is put 
into operation. Both free passage openings 29 which carry out opening to the free 
passage opening 28 and 2nd lag oil pressure room 31b which carry out opening to 2nd 
tooth-lead-angle oil pressure room 30b like this example However, each oil pressure 
room 30b, It is desirable to form the free passage opening 28 in which preparing near 
the outermost diameter of 31b carries out opening to the tooth-lead-angle oil 
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pressure room 30 as it is shown in drawing 2 , when structurally difficult near the 
outermost diameter of the tooth-lead-angle oil pressure room 30. 
[0033] (Modification) Although the spring room 18 which opens for free passage the 
free passage slot 22 which opens 1 st tooth-lead-angle oil pressure room 30a and 2nd 
tooth-lead-angle oil pressure room 30b for free passage and 1st lag oil pressure room 
31a, and 2nd lag oil pressure room 31b is established in the sprocket 17 in the 
above-mentioned example, you may prepare in a housing 21 side. Or a part of free 
passage oilway of this invention may be prepared in a cam shaft 2. Moreover, as long 
as the need reinforcement of Rota shank 3A is securable, a part of free passage 
oilway may be prepared in Rota shank 3A. There is not four number of sheets of vane 
3B, for example, this invention can be applied also to the configuration which has vane 
3B of two sheets, three sheets, and five sheets or more. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view (A-A sectional view of drawing 2 ) of adjustable 
valve timing equipment. 

[Drawing 2] It is the sectional view (B-B sectional view of drawing 1 ) of adjustable 
valve timing equipment. 

[Drawing 3] It is the top view (C-C sectional view of drawing 1 ) of a sprocket. 
[Drawing 4] It is the top view of a plate. 

[Drawing 5] It is the sectional view of the adjustable valve timing equipment in which 
the relation between a tooth-lead-angle oil pressure room and an oilway is shown. 
[Drawing 6] It is the sectional view of the adjustable valve timing equipment in which 
the relation between a lag oil pressure room and an oilway is shown. 
[Description of Notations] 

1 Adjustable Valve Timing Equipment 

2 Cam Shaft 

3 Rota 
3A Shank 
3B Vane 

15 Return Spring (Coil Spring) 

17 Sprocket (Housing Whole) 

18 Spring Room (Free Passage Oilway) 

19 Plate (Housing Whole) 
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21 Housing (Housing Whole) 

21a Thrust wall surface (thrust side) 

22 Free Passage Slot (Free Passage Oilway) 

24 Sump Slot (Stopper Device) 

25 Stopper Pin (Stopper Device) 

26 Bush (Stopper Hole / Stopper Device) 

27 Spring (Stopper Device) 

28 Free Passage Opening 

29 Free Passage Opening 

30 Tooth-Lead-Angle Oil Pressure Room 

30a The 1 st tooth-lead-angle oil pressure room 
30b The 2nd tooth-lead-angle oil pressure room 

31 Lag Oil Pressure Room 

31a The 1st lag oil pressure room 
31b The 2nd lag oil pressure room 
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#*:/y 8(^iat^M?S2 4tc«tix3itpfc 50 
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^2 5*S^y>a 2 6;&><b!¥ Ltb^ttT, n — * 3 

y^a2 6fctR^LTl^5fl3K o*D o — * 3as*it£ 
teSl£*>5B#tt\ Rfif?Ll 3(Oj£ffi(c|HP-rS/h7Ll 4 

m^^if2 1 (Z)*^* hM® 2 1 a fcKtt&JtfcJt 
ffl?L2 1d (H1#BB) ^ililUT, * (->^ 0 fc°V2 5 

[0 0 3 0] (*|fe6K#J<&2&*) ±3£coW£^/v:/*>f 

s >-?mm %2 ost^ »jes 30b tmmm 2 2 

^iCtSl Oitft?ftJES3 0 a tHU (Off 
it^fflff^ 3 0a Stftgil* 2 2 SrigS ITS 2 Oifgfc 

WflE^3 o bjcfp»?ftds«*&*nSo fct, m 2 com 

f&J±^3 0 b^?>ean-^3tcHJt6>iXfc®l^»l» 
7^«6*tffl5wfctt3&<, *ii«2 2 t»1^5i^|»JBE 
S3 0 a fc*ftfiLTSfcffi^5r fcfcfcSo C*UC<fc 

^3 B(D^ilCj:oTitftfflffi3 OOrtJE^S 

[oo3i] mm^ m2<Dmnmj±^3 1 b^^^y 

8«rffiCT»l<Di§AjfcJES3 1 a i:aiSb. 
^rO® 1 (DM^m^3 1 a^T/^^y ^^1 8 £rS 

3.1 b^e>f^»»3&s«Effli-s«Ft, m2<Dm&mm^3 

1 b^fcUCftn-^ 3lCK*t btltzm2<Dm&8^ffitl 

3 1atS;gfiU»llJt5^tlCi5o mtC<tt)> 
>-3 B<0S»lC«koTi!AiftJES3- 1 Of^i±^_h# 

<-C#50-e, >-f^!6Sp^t?cO-<— >-3 Bco^l&Sr 
tt, ®1 Oit^Wi±^3 0 a £fg2<Djt£j?ffiJSE^3 0 b 

<b ^iSii-r^aii® 2 2 , »t;s i <Dm&mi±^ 3 1 a 
^^2(D3i^?*jBES3 1 b ^srigirr&^y 

8 Z^ttl^tixyulry b 1 7 J^KJtTV^5fc«>, n — 

^ 3 cD#a5 3 A^**H<Daa»KS:K»tfc»'&i: tk«E 
LT, D-?#{j3Aoa*ftT*«<, ff^tt$r^]_h 
T#5 0 

[0 0 3 2] h 1 9lCtt. il^»JES3 0 

<t^iim2 2 £SrigiI1-SiiaiR 2 8. Xt^51Atti±^ 
3 1 b*yV V^il 8 i:Sr5gii-r^3SMP 2 9£tS:tt 
TVN5^, ^n^(7)iilP 2 8, 2 9^H, ^l£fS2 
Oai^}ftJES3 0 bl^iPf^lP 2 8*^i^f520 

mfimj£M3 1 btcipt^iip 2 9tt. m2<Dm& 

ffllif 3 0 b*fctt®2<Di5^fflJES3 1 b <DS£HSpB 



( 7 ) 
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^5fil£«ttSrt)&sS*LV\> SSilP2 8;£fc 

&2 9£®2<Dil^7fiJ£^3 0 b SfcteM 2 <£>iI^?fcJE 

tfK »2 05tAJftffi^3 0 b*fcf^2^3B^?fiJE^3 

c£><fc5t-, fg2<Dit£»j!±^3 0 bl£|BP^SS®R 2 
8 tm2<Dm^J±^3 1 bfcHSPi-S&ffln 2 9 <DM 
jj&&mj±^ 3 0b. 31b (0*^ggS#5E^Ktt 5 n 

^»i±^3 OlcMP-TSjSilP 2 8£5t^?Sj±^3 0(O 

jsff^3 o a £fg2t7)i§£i»j±^3 o b tzmm-tzm 

51»2 2, XT/»10ilAtftff^3 1 a £fg2<Dii£|7fi 20 
j£^3 1 b ^^ii-rS*^ >-^l 8^^n^ry 

h i 7i£^H"ci^as, /n^^>-^2 nw^tattrfcft 

[hi] vWL*fl'-?9<< s^jshowbsb m 2<d a 30 
[02] ^y</^94 ^>^ms<Dmmm ®iob 
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[B3] ^^n^^y ho^ffii (HKOC-CBrffiBI) 
[04] h^flitfc^o 

[0 6] mMm^iim&t<om^^ir^sm^/^9 

2 

3 n — ^ 

3 A 

3 B 

1 5 

1 7 

1 8 

1 9 

2 1 
2 1a 
2 2 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 



3 0 

3 0a 

3 0b 

3 1 

3 1a 

3 1b 



pi 

y* — v-^y^ (a^f/^^y^^) 

hMm (*"7* hffi) 

^^y ^ (* h y 
sap 
aioip 

^icDii^?SJf±^ 
^2coit^»i±^: 

fgioS*liftiE^ 



( 8 ) 
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mi] 



im2] 



B 




13 32 |JJ? 



■ ^-i A 




(A-ABfffi) 



o/^rW* 13 3B(3) 
^ffP'lU ~ J 31a(31) 



30b(30) 



31a(31) I *7 



3A(3) % 
305(30) 

6 




30a(30) 



(B-BKfS) 



[B5] 




4#8B2 0 0 1 



[04] 




10 6] 




